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Expression, purification and characterization of hemin-binding

lipoprotein PiuA from Streptococcus pneumoniae
LE Yao-Jin GUO Zhong YANG Xiao-Yan

(Zhuhai Key Laboratory of Basic and Applied Research in Chinese Medicine, Department of Bioengineering, Zhuhai
Campus of Zunyi Medical College, Zhuhai, Guangdong 519041, China)

Abstract: [Background] Sreptococcus pneumoniae is one of the most common pathogens of
community-acquired pneumonia, and causes a variety of other serious diseases including bacterial
meningitis, sinusitis, otitis media and bacteremia, and poses health threats to humans, especially
among children and the elderly, or individuals with immature/compromised immune systems. Iron is
essential for Streptococcal survival and infection, and haem ABC uptake system PiuABCD is the
most iron ABC uptake system for S pneumoniae. [Objective] Clone, express and purify
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hemin-binding lipoprotein PiuA belonging to haem ABC uptake system PiuABCD, and characterize
its hemin-binding properties in vitro. [Methods] The piuA (spd_1652) gene from S. pneumoniae D39
strain was ligated into pPBAD-HisA vector, and expressed in E. coli Top 10 strain, then the PiuA-His
fusion protein was purified using Ni-NTA affinity chromatography, and the His tag free PiuA protein
was obtained by cutting off the His tag with enterokinase. Finally, the hemin-binding properties of
PiuA protein were characterized by circular dichroism, UV spectroscopy and fluorescence
spectroscopy. [Results] We successfully constructed recombinant vector pBAD/HisA-PiuA, and
acquired the PiuA protein with the purity higher than 95%. CD spectra showed that hemin binding
did not induce any significant structural change in PiuA, UV spectroscopy revealed that PiuA protein
can specifically bind hemin, and fluorescence spectroscopy demonstrated that the binding constant K
between the PiuA and hemin is 3.4x10° L/mol. [Conclusion] Hemin-binding lipoprotein PiuA can
specifically bind to hemin and provide the iron for Streptococcal survival and infection, these
characterization results of PiuA protein provide basis data for design of antibacterial drug targeted for
haem ABC uptake system PiuABCD.

Keywords: Sreptococcus pneumoniae, Hemin-binding lipoprotein PiuA, Circular dichroism spectra,
UV spectroscopy, Fluorescence spectroscopy
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PiuA D39 DNA
PiuABCD PCR (100 puL) PrimeSTAR HS (Premix)
50 uL piuA-F  piuA-R (10 umol/L) 4 uL
1 MRS DNA (100 ng/ulL) 2 uL. ddH,O 40 uL PCR
. . 95°C5min; 94°C30s 55°C30s 72°C
L1 BRI _ 1 min 30 72 °C 10 min
D39 (Sreptococcus pneumoniae
1% PCR
D39) (American type culture
Sacl EcoR I
collection ATCC) (Escherichia coli)
Top10 pBAD-HisA Invitrogen pBAD-HisA 37 °C 4h T4DNA
1.2 EZR AN 41
Todd-Hewitt Broth ~ Yeast extract OXOID 16 °C 20 uL E coli
DNA OMEGA Top10
PrimeSTAR HS (Premix) DNA Maker T4 DNA DNA
TaKaRa PCR NCBI BLAST
pBAD/HisA-piuA
NI-NTA QIAGEN 14 EEEE PiuA-His WFSRE. AILAT
& His /7% PiuA EAMRE
L-(+) Hemin pBAD/HisA-piuA
Sigma His-tag Top10 (100 ng/uL)
Abcam ECL 1B 37°C 220 r/min
Bio-Rad 1:100
PCR Applied Biosystems 37 °C 220 r/min ODy0o
0.6-0.8 L-(+)
NanoDrop 0.04% 4-6 h
2000C 4 °C 6000 r/min 30 min 1xPBS
ICP-MS Thermo 2
37 °C 3 30 min (5 s
1.3 piuA EFEKTE. EELHRK pBAD/HisA- 5s ) 4°C
piuA BRI E 10 000 r/min 30 min
GenBank D39
piuA (spd_1652) Primer Premier 5.0 Ni-NTA
piuA 10 kD
piuA-F  5'-GGCGGCGAGCTCGAGACCAGT 4°C 5000 r/min
AGCTCTGCTC-3' ( Sac | ) 500 pL 20 mmol/L Tris-HCI (100 mmol/L
piuA-R  5'-CGCCGCGAATTCTTATTTCAAAGCT NaCl) 3 6xHis

TTTTG-3' ( EcoR [ )

( 16 h)
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Ni-NTA
PiuA 12% SDS-PAGE  PiuA
Western blotting
PiuA
1.5 Western blotting £ PiuA £H
3 ng  PiuA-His His
PiuA 12% SDS-PAGE
PVDF 5%
2 h 1:1 000 His-tag
1:2 000
PiuA 4°C
(HRP)
l1h
ECL

1.6 PiuA EAMMLAIEZLESFEMR
1.6.1 HREIBEEFE TIHRRIE (N ACP-MS)HN £k

WH PuA ERFERIE
PiuA 10 kD
BCA
5 pmol/L 10 umol/L
ICP-MS
(Fe Mn Zn Cu
In) 3
1.6.2 Apo-PiuA EAHRHIFIE
PiuA ICP-MS
apo-PiuA ( PiuA)
PiuA
(4—8 mol/L)
500 uL
PiuA (25 pg/pl) (
8 mol/L) 2 mL 4 °C 4 h
50 mmol/L EDTA 25 mmol/L 4 °C
( 12h) 20 mmol/L Tris-HCI
( 10 mmol/L  EDTA 100 mmol/L

NaCl pH 7.4) 20 mmol/L Tris-HCI
(100 mmol/L NaCl pH 7.4)
4 10 kD BCA
apo-PiuA
5 umol/L ICP-MS

(Fe Mn Zn Cu In)

1.6.3 [E_—&iZ(CD)7 1 PiuA EHM _RLEH
(190-250 nm) CD

a p
CD
PiuA apo-PiuA
(Hemin) PiuA (PiuA+Hemin)
20 mmol/L Tris-HCI
(100 mmol/L NaCl pH 7.4) 3 pmol/L
(1 mm)
190-250 nm
25°C 100 nm/min 1.0 nm
3
CD CDPro

1.6.4 EINEERT PiuA BEESMOZESIFR

Apo-PiuA (50 pmol/L) Hemin
2h 10 kD
6 PiuA
Hemin PiuA
PiuA+Hemin 20 mmol/L Tris-HCI
(pH 7.4 100 mmol/L NaCl)
25 umol/L Hemin apo-PiuA
PiuA+Hemin 500 uL
200—600 nm
3
1.6.5 WHAERN PiuA EASMLRLEEHER
20 mmol/L Tris-HCI (pH 7.4 100 mmol/L
NaCl) apo-PiuA 3 umol/L
3 mmol/L Hemin
apo-PiuA 0.2
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Hemin
5 min 22 PiuA EAFSRIE. LML E
3 pBAD/HisA-piuA
1 cm Topl0 LB L-(+)
280 nm 4-6h
300—450 nm 1 200 nm/min 530V Ni-NTA
5.0 nm 5.0 nm (10-500 mmol/L)
25°C 50 mmol/L
Origin 8.5 Hill PiuA-His ( 2A)
PiuA Hemin K PiuA-His
2 HREN DDDDK  His
2.1 EAFIKHIK pBAD/HisA-piuA ML E His PiuA 12% SDS-PAGE
D39 DNA PiuA (31.6 kD)
PCR piuA (870 bp) ( 2B) 95%
1% (  1A) PiuA-His His
Amp 8 Anti-His -
PiUA Sac] EcoR 1 His Western blotting
1% PVDF ( 20
5 PiuA
( 1B) PiuA Western blotting
Invitrogen PiuA-His PiuA 2D
NCBI PVDF
D39  piuA 100% PiuA

pBAD/HisA-piuA

bp M12345678910

10 000
7000
4 000
2000
1000

. 750
piuA 500

!’&---'-'- pBAD-HisA

1 piuA EE SR EHFRIAF K pBAD/HisA-piuA BIEE
Figure 1 Amplification of piuA and identification of recombinant plasmid pBAD/HisA-piuA
A PCR piuA B pBAD/HisA-piuA
Note: A: PCR product of piuA; B: Restriction enzyme analysis recombinant plasmid pBAD/HisA-piuA with Sac T and EcoR I .
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A B
kD 1 2 3 4 kD 1 5
250 — e - 250 —v—
150 — = % 150 ————
100 = e — 100 —
TS — — S— 75 — -
50 — - g 50 — ==
S —_—
37 — - — PiuA-His 37 —r -
| — .
. —PiuA
25 — w— 25 — ..
20 — 20—
C D
& &
& & &

His primary His primary
antibody antibody
2 PiuA-His B & EE M PiuA EHZELALNF] Western blotting i
Figure 2 Detection of PiuA-His fusion protein and PiuA protein with 12% SDS-PAGE, and verification of them by using

Western blotting

A 12% SDS-PAGE PiuA-His 1 Marker 2 3 10 mmol/L 4 50 mmol/L
B 12% SDS-PAGE PiuA 5 PiuA C Western blotting PiuA-His PiuA
His D Western blotting PiuA-His PiuA PiuA

Note: A: Detection of PiuA-His fusion protein with 12% SDS-PAGE; 1: Protein marker; 2: Whole protein supernatant; 3: Proteins eluted
with 10 mmol/L imidazole; 4: Proteins eluted with 50 mmol/L imidazole; B: Detection of PiuA protein with 12% SDS-PAGE, 5: Purified
PiuA protein; C: Verification of PiuA-His fusion protein and PiuA protein by using Western blotting with His antibody; D: Verification of
PiuA-His fusion protein and PiuA protein by using Western blotting with PiuA mouse polyclonal antibody.

2.3 ICP-MS &4 LAY PiuA 2 E 0 apo-PiuA & (D
BTHERIE 2.4 CD %3#7 PiuA. apo-PiuA #1 PiuA+Hemin &
PiuA ICP-MS B RLEH
PiuA 3 CD PiuA apo-PiuA
(D PiuA+Hemin
8 mol/L 25 mmol/L  EDTA apo-PiuA
PiuA
apo-PiuA 48 h PiuA Hemin
ICP-MS apo-PiuA

#&1 ICP-MS JUZE PiuA 0 apo-PiuA EEHEEE T Fe. Mn, Zn, Cu M In I E
Table 1 The content of Fe, Mn, Zn, Cu and In of PiuA and apo-PiuA proteins by using ICP-MS analysis

Proteins Fe (umol/L) Mn (umol/L) Zn (umol/L) Cu (umol/L) In (umol/L)
PiuA 5.01+0.22 0.15+0.08 1.12+0.25 0.13+0.08 9.95+0.50
apo-PiuA 0.66+0.12 0.25+0.06 0.95+0.08 0.05+0.00 10.18+0.38
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30 — PiuA
—— apo-PiuA
—— PiuA+Hemin

— l 0 -
_20 L
-30 . : ' : '
200 220 240 260
Wavelength (nm)

3 CD %#f PiuA. apo-PiuA 1 PiuA+Hemin & HH]
ZREEH

Figure 3 Secondary structures of PiuA, apo-PiuA and
PiuA+Hemin by using CD analysis

2.5 ERINGEIRN apo-PiuA EAESMAELES
=

30 pmol/L apo-PiuA
PiuA+Hemin
4 apo-PiuA 280 nm
PiuA+Hemin
280 nm 401 nm
Hemin
( 4 PiuA
20+ —— apo-PiuA
—— PiuA+Hemin

—— Hemin

Absorbance
(=)

g
n

0.0

500 600 700 800
Wavelength (nm)

300 400
El 4 apo-PiuA EB S5 ML HEEA R LI SIEEN

Figure 4 UV spectroscopy analysis of PiuA with
(PiuA+Hemin) and without (apo-PiuA) hemin

2.6 TRAFKIERN apo-PiuA EASMAEES
apo-PiuA

apo-PiuA (3 umol/L)
Hemin apo-PiuA
Hemin
333 nm
( 5A) Hemin
apo-PiuA Origin 8.5
Hill [Y=VmaxxX"/(K'+x")]  Hemin
333 nm
apo-PiuA Hemin K=3.4x10" L/mol
( 5B)
A
— apo-PiuA
4000 - —0.2 eqv Hemin
— 0.4 eqv Hemin
2 l —— 0.6 eqv Hemin
‘3 3000 F — 0.8 eqv Hemin
g — 1.0 eqv Hemin
] — }i eqv Eemin
o — 1.4 eqv Hemin
2 2000 —1.6 egv Hemin
] — 1.8 eqv Hemin
o —2.0 eqv Hemin
2 1000
[
O B 1 1 1 1
300 350 400 450
Wavelength (nm)
B _
2500
2000
1500 -
<
1 000 -
500 -
0 K=3.4x10°L/mol
1 1 1 1 1 1 1 1

0 1 2 3 4 5 6
Hemin (umol/L)

5 apo-PiuA 5MLEFEEHIRIHIEE (ALK Hill
FIIEHLE B (B)

Figure 5 Fluorescence spectroscopy of hemin titration to
apo-PiuA protein (A), and the fluorescence quenching at
333 nm was fitted with a Hill plot to calculate the binding
constant K (B)
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